A schwannoma is a benign soft tissue tumor composed of Schwann cells. Clinically, the tumor is slow-growing and usually asymptomatic, rarely developing neurological symptoms. We present a case of a 44-year-old female who was diagnosed with an incomplete high radial nerve palsy, showing a wrist drop and extension of fingers due to schwannoma on the radial nerve of the upper arm. The patient showed excellent result after excision of the schwannoma and neurorrhaphy of the radial nerve.
Introduction
A schwannoma is considered the most common benign tumor of peripheral nerves composed of Schwann cells and 5% of these tumors occur in the upper limbs [1] . The tumor is often associated with tingling sensation, which may not be a constant finding at clinical examination. Generally, the tumor grows slowly with minimal symptoms and serious neurological symptom is quite rare. We should check the typical signs of schwannomas, such as positive Tinel's sign and paresthesia. It is possible to identify the tumor's origin through evaluation of imaging studies using magnetic resonance imaging (MRI) and ultrasonography.
A case of schwannoma of the median nerve at the carpal tunnel and the posterior interosseous nerve at the elbow joint causing muscle strength abnormality and sensory loss was reported in a previous study [2] [3] . However, there was no reported case of a schwannoma associated with neurological manifestations of the radial nerve of upper arm.
We present a case of a 44-year-old female who was diagnosed with an incomplete high radial nerve palsy, showing a wrist drop and extension of fingers due to schwannoma of the radial nerve of upper arm with excellent result following the excision of the schwannoma and an end-to-end anastomosis of the radial nerve.
Case Report
A 44-year-old female visited our clinic with extension limitation of the wrist After the operation, the sensory of the 1st dorsal web space was diminished by 80%, and the extension of wrist and fingers, including the thumb, were not possible. Two months postoperatively, Tinel's sign at the elbow area was positive and the sensory of the radial nerve distribution. Twelve months postoperatively, there were no clinical signs of recurrence and the motor grade of the radial wrist extensors had recovered to M5, the finger extensors to M4, and the sensory loss was nearly fully recovered.
Discussion
Schwannomas are the most common type of benign tumor of the peripheral nerves which usually develop during 20 -30 years of age [4] . They can occur anywhere in the soft tissue or the viscera, but are most commonly found within major peripheral nerves, especially the sacral nerve in the pelvis or the sciatic nerve. They are commonly located on the flexor surfaces of extremities [5] .
Their incidence in the upper limb is higher than the lower limb [6] . Although in most cases, the mass is painless and asymptomatic, if the size of the tumor is large enough, it can cause pain, numbness, paresthesia but rarely muscle weakness [7] . In this case, muscle weakness and sensory abnormalities were present in the area of the radial nerve innervation. As for radial neuropathy, it was difficult for an early diagnosis without a palpable mass or a positive Tinel's sign. In 24 patients treated with schwannoma of the upper extremity, 4 cases had no palpable mass and were assessable only by MRI [4] . The authors primarily performed an ultrasound to locate the exact area of the radial neuropathy and identified the lesion at the upper arm.
At sonographic examination, schwannoma appears as a capsulized mass with a "basket" like internal architecture. However, ultrasonography cannot reliably confirm the attachment of the tumor and the nerve [4] . In this case, we were able to identify the position of the lesion through the ultrasound. However, it was difficult to distinguish between a compression neuropathy and a nerve tumor.
An MRI can provide useful information such as the tumor range, anatomic location, size, relationship between peripheral nerve, and preoperative diagnosis including proper planning of the operation.
As for the MRI findings, nerve tumors are known to show intermediate iso-intensity in T1-weighted images, and high signal intensity with clear boundaries and spindles which represent the shades of the soft tissue in T2-weighted images. Often, "Target signs" can be observed in the enhanced images as the surrounding parts show a high signal intensity and the center part shows low signal intensity. The "target sign" may also appear in neurofibromas and this can be helpful in diagnosing a schwannoma. However this cannot be a definitive characteristic finding [4] . In this case, MRI findings show a low signal intensity in T1 weighted image and a moderate signal intensity in T2 weighted image. Also, the enhanced T1 weighted image showed an enhancement pattern surrounding the tumor and attachment to the radial nerve. Thus, the mass was able to be diagnosed as a nerve sheath tumor.
Surgical resection is the common treatment for schwannoma with satisfactory results, but sometimes surgical resection can be difficult to proceed depending on the pattern of the tumor. In such case, loss of function distal to the lesion can occur as a complication [8] . Especially, resection of a nerve which has an important role on motor and sensory such as the radial nerve, complications such as loss of extension and sensory, distal to lesion may be inevitable. Schwannomas can commonly be treated with only the resection of the nerve, because it is dissected from the surrounding tissues. However, it is difficult to differentiate between normal nerve tissue and the tumor. Therefore, neurorrhaphy or nerve graft is required when neurologic deficiency occur after tumor resection. Ten-don transfer can be considered for recovery of the nerve innervated muscle function. In our study, it was difficult to distinguish between the normal radial nerve and the schwannoma, resulting in an approximately 1 cm deficit. Thus, a neurorrhaphy was performed following the tumor resection.
Once the tumor has been resected, histological examination is necessary for a final diagnosis. Histologically, schwannoma is composed of spindled tumor cells in compact, intense zones (Antoni A) and in hypocellular, myxoid zones (Antoni B). The tumor cells in the Antoni A areas are composed of spindle cells in short bundles with foci of nuclear palisading and Verocay bodies [5] . In the soft tissue tumor, it is reported that the schwannoma stains strong positive in S-100 protein [9] . In our case, schwannoma was confirmed by the positive reaction in S-100 protein through immunohistochemical stains.
Conclusion
When the mass is not palpable and a positive Tinel's sign is present, it is necessary to identify the lesion by electromyography, nerve conduction velocity, and ultrasonography in the diagnosis of a schwannoma. Preoperative diagnosis should be confirmed by MRI and tumor resection should be performed. Neurologic deficit which may follow the tumor resections, neurorrhaphy or nerve graft could be considered.
